TITLE OF THE INVENTION 
FILM-FORMING METHOD, FILM-FORMING APPARATUS AND LIQUID 
FILM DRYING APPARATUS 

CROSS-REFERECCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Applications No. 2000-295232, filed September 27, 2000; 
and No. 2000-296089, filed September 28, 2000, the 
entire contents of both of which are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a film-forming 
method, a film-forming apparatus, and a liquid film 
drying apparatus used for the coated film formation in 
the technology, for preparing a semiconductor device in 
the wafer step and in the step of preparing a mask for 
the optical exposure and for preparing a liquid crystal 
device . 

2 . Description of the Related Art 

In the conventional spin coating method employed 
in a lithography step, a major portion of the coating 
solution dripped onto the substrate is discharged to 
the outside of the substrate, and a film is formed of 
the remaining several percent of the coating solution. 
As a result, a large amount of the coating solution is 
rendered useless, and the environment is adversely 
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affected because a large amount of the coating solution 
is discharged to the outside. An additional problem to 
be noted is that/when it comes to a rectangular 
substrate or a disk-like substrate having a large 
diameter not smaller than 300 nan, turbulence occurs in 
the outer peripheral portion of the substrate, with the 
result that the film thickness uniformity is rendered 

poor this area. 

A method for uniformly coating the entire 

,Ti+-h a coatinq solution without 
substrate surface witn a coatmy 

• , n -pot- example, a resist is dripped 
wastage is known. For exampj-e, 

from a large number of nozzles arranged to form a row, 
and a gas or a liquid is blown against the film-forming 
surface from behind the film-forming surface so as to 
obtain a uniform film. Also, a large number of 
spurting holes are forced in a rod so as to allow the 
resist to be dripped uniformly on the substrate and, 
thus, to obtain a uniform film. Further, a spray head 
provided with a large number of spurting holes for 
spraying a resist and the substrate are moved relative 
to each other so as to achieve a uniform coating. 

in each of the conventional coating apparatuses 
exemplified above, a plurality of dispensing or 
spraying nozzles are arranged to form a lateral row and 
scanned along the surface of the substrate so as to 
form a uniform film on the substrate. Also, there rs 
a method of forming a liquid film by scanning a single 



liqui a aisc h ar 9 e no» le on a tar g et o bj ect to »e 
JLa - coition to «- oo^ — 
apparatus e^ipped wit* these PX-I nobles- 
However. «- convention! =oatin 9 *etnoa S 

• a ri« to the problem that a 

— ^ above 9 : : ; he ^ * — ~- 

diStr Tar ti e towara t h e coatin, 

from the coatxng starting 

^ The difficulty is caused by the 
finishing side. The ax 

• th at the coating starting portion and the 
situation that the 

coating finishing portion wxdely dxffer 

the waiting time between completion of the coatxng 
xn the waxtxng the drying treatment, 

solution dispensing operatxon and the dry 

It should also d nauid film and 

, he past that the step for formxng the Ixquxd 

r ng step were carried out independently, a long 
the dryxng ^ ^ f±lm . 

time was reguxred f ^ & ^ ^ 

in the conventional step o colven t 
• of the liquid film containxng a solvent 
after formatxon of the Ixg subst rate to 

10 a resist film on a target suds 
of for example, a rebis 

, was for example, a bakxng 

be processed, employed was, to 

m ethod in which the target substrate is 
on a hot Plate a nd a vacuum drying method xn -ch 
a reduced pressure treatment is applied wxthxn 
a chamber connected to a vacuum pump. 

However, in the baking method, since the 

„ of the solvent is highly sensitive to 
J^, - t hi c*ne S s uni^it, o £ t h e coatea 



til m was renae.ec poor. giving rise to a problem in 
te . of the uni.or.ity o £ the ,11. thickness. 

w v, a nrf in the vacuum drying method 
On the other hand, in tne 

u „der a reduced pressure, it ta.es time to remove the 
solvent, because of low evaporation rate in reduced 
pressure, leading to a problem in terms of the low 
throughput. Also, the throughput is dependent on 
properties and the dispensed amount of the solvent, 
making it impossible to control the processing time. 

BRIEF SUMMARY OF THE INVENTION 

An object of the present invention is to solve the 
ab ove-noted problems inherent in the prior art. 
wording to a first aspect of the present 

tto „ is provided a film-forming method, 
invention, there is prw 

■ ■„„ dispensing from a dispenser nozzle a coating 
comprising dispensing compone nt 
solution, which is prepared by adding 
to a solvent and controlled to be spread on the 
sub strate in a predetermined range, onto a target 
substrate to be processed while relatively moving the 
dispenser nozzle and the target substrate so as to f orm - 
. uguid film on the entire surface of the target 
suhstrate, and arranging a sucking nozzle above and 
apa rt from the target substrate such that the sucking 

the surface of the liquid 
nozzle is not in contact with the 

fil » so as to permit the sucking nozzle to suck the 
solvent vapor right under the sucking nozzle while 
ro oving the sucking nozzle relative to the target 



substrate, thereby removing the solvent from the liquid 
film and, thus, forming a coated film. 

According to a second aspect of the present 
invention, there is provided a film-forming method, 
comprising forming a liquid film consisting of a 
coating solution prepared by adding a solid component 
to a solvent on the entire surface of a target 
substrate to be processed; arranging a disk plate 
having at least one through-hole in the vicinity of the 
target substrate such that the disk plate is not in 
contact with the liquid film; rotating the disk plate 
so as to generate a flow of gas between the target 
substrate and the lower surface of the disk plate; and 
bringing the liquid film into contact with the flow of 
gas so as to remove the solvent from the liquid film, 
thereby forming a solid phase film consisting of the 
solid component on the target substrate. 

According to a third aspect of the present 
invention, there is provided a film-forming method, 
comprising forming a liquid film consisting of a 
chemical solution prepared by adding a solid component 
to a solvent on the entire surface of a target 
substrate to be processed; positioning a disk plate 
right above and apart from the target substrate such 
that the disk plate is not brought into contact with 
the liquid film; maintaining a reduced pressure state 
in the clearance between the disk plate and the target 



substrate and around the clearance; rotating the disk 
plate so as to form an flow of gas in the clearance 
between the target substrate and the lower surface of 
the disk plate; and bringing the liquid film into 
contact with the flow of gas so as to remove the 
solvent within the liquid film, thereby forming a solid 
phase film consisting of the solid component on the 

target substrate. 

According to a fourth aspect of the present 
invention, there is provided a film-forming apparatus, 
comprising a dispenser nozzle arranged to face a target 
substrate to be processed so as to supply a chemical 
solution to the target substrate; a suction nozzle 
arranged to face the target substrate for sucking a 
solvent vapor on a liquid film formed on the target 
substrate by the supply of a chemical solution from the 
dispenser nozzle; a first moving section for relatively 
mo ving the target substrate and the dispenser nozzle; 
and a second moving section for relatively moving the 
target substrate and the suction nozzle. 

According to a fifth aspect of the present 
invention, there is provided a liquid film drying 
apparatus, comprising a disk plate arranged to face 
a target substrate to be processed, a liquid film 
containing a solvent being formed on the surface of the 
target substrate, and having at least one through-hole; 
a rotary driving section for rotating the disk plate; 



an flow control plate arranged to face the disk plate 
on the side of the open portion of the through-hole, 
which is the side opposite to the side of the target 
substrate; and an up-down driving section for 
relatively changing the distance between the disk plate 
and the target substrate and the distance between the 
disk plate and the flow control plate. 

Further, according to a sixth aspect of the 
present invention, there is provided a liquid film 
drying apparatus, comprising a disk plate arranged to 
face a target substrate to be processed, a liquid film 
containing a solvent being formed on the surface of the 
target substrate, and having at least one through-hole; 
a rotary driving section for rotating the disk plate; 
and an external gas flow generator for supplying an 
flow of gas into the through-hole. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

FIG. 1A is a plan view showing the construction of 
a film-forming apparatus according to a first 
embodiment of the present invention; 

FIG. IB is a cross sectional view showing the 
construction of the film-forming apparatus shown in 
FIG. 1A; 

FIG. 2 is a plan view schematically showing the 
construction of a modification of the film-forming 
apparatus according to the first embodiment of the 
present invention ; 



,IGS. 3A and 3B collectively show a film-forming 
method according to a second embodiment of the present 
invention; 

FIGS . 4A and 4B collectively show a film-forming 
method according to a third embodiment of the present 
invention ? 

nu. 5A and 5B collectively show a film-forming 
m ethod according to a fourth embodiment of the present 
invention; 

PIG . 6 schematically shows the construction of a 
nozsle for drying a liquid film included in a film- 
forming apparatus according to a fifth embodiment of 
the present invention; 

TZOt. 7A and 7B schematically show collectively 
the construction of a modification of the nozzle for 
drying a liquid film included in the film-forming 
apparatus according to the fifth embodiment of the 

present invention; 

„ G . 8 shows a method of forming a liquid film 
according to a sixth embodiment of the present 
invention; 

PIG. 9 schematically shows the construction of 
an apparatus for drying a liquid £11- according to 
the sixth embodiment of the present invention; 

FIG. 10 shows the drying method using the 
apparatus for drying a liquid film shown in FIG. 9; 

FIG. U shows the drying method using the 



, .„„ a liquid film shown in FIG. 9, 
apparatus for drying a lxqu 

. the drying method using the 
FIG. 12 shows the dryi 9 

linn id film shown in FIG. 

apparatus for drying a 

FIGS . 13A and 13B schematically 

«. ■ n of an apparatus for drying a lxquxfl 
the construction of. an a PP prese nt 

, . *o a seventh embodiment of the p 
film according to a seve 

invention; , 

, he dr ying method using the 
FIG. 14 shows the drying 

• „ liauid film shown in FIGS. 13A 
apparatus for drying a liquid 

^ TiL „ schematically shows the construction of 
an apparatus for drying a liquid film according 
an eighth embodiment of the present invention 

*. ,= the problem inherent in tne 
FIG. 16 shows the prow 

a ~a pressure drying method; 
conventional reduced pressur 

. +he drying method using the 
FIG. 17 shows the drying 

i-irmid film shown in FIG. 
aratus for drying a liquid tn 

. o £ «- ior ^ * ^ 

til » accordin, to the ei gh th ■«* 
invention, and ^ ^ . ninth 

FIG. 19 shows a dry my 

* ~f the present invention. 
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' ~ the accompanying 

be described with reference tc 

drawings. 




- 10 - 

[First Embodiment] 

FIG. 1A is a plan view showing the construction of 
a film-forming apparatus according to a first 
embodiment of the present invention,, and FIG. IB is a 
5 cross sectional view showing the film-forming apparatus 

shown in FIG. 1A. The film-forming apparatus according 
to the first embodiment of the present invention is 
constructed to permit performing a liquid film-forming 
step and a drying step simultaneously. 

10 First of all, let us describe the construction of 

the film-forming apparatus for forming a liquid film. 
As shown in FIGS. 1A and IB, the film-forming apparatus 
comprises a resist dispenser nozzle 102, a nozzle 
moving mechanism (not shown) for moving the resist 

15 dispenser nozzle 102 in a y-direction (lateral 

direction), and a target substrate moving base 
(not shown) on which is disposed a target substrate 110 
to be processed, which has a diameter of 200 mm. 
The target substrate moving base serves to move 

20 the target substrate 110 in the x-direction. 

The construction of the apparatus for performing 
the drying step will now be described. As shown in 
FIGS. 1A and IB, the apparatus for performing the 
drying step comprises a suction nozzle 101 and a vacuum 

25 pump 103 connected to the suction nozzle 101. The 

target substrate moving base referred to above in 
conjunction with the liquid film-forming step is also 



inv olved in the construction of the apparatus in the 

drying step- 

The suction nozzle 10! includes a suction port 

sized at 2 X 220 nun. The length ,220 mm, of the 
suction port Ida in the longitudinal direction is 
larg er than the diameter (200 .) of the target 
subs trate 110. «>e longitudinal direction of the 
suction port 101a of the suction nozzle 101 is 
perpendicular to the moving direction of the target 
substrate. Since the length of the suction port 
in its longitudinal direction is larger than the 
aiameter of the target substrate, and the longitudinal 
section of the suction port 101a is perpendicular 
th e moving direction of the target substrate, the 

. „ of the target substrate 110 is scanned 
entire surface of the targe 

.i„ 101 in accordance with movement 
by the suction nozzle 101 in 

o£ the target substrate 110. 

t 101 is positioned apart from 
The suction nozzle 101 is po 

102 so as to permit the 
th e resist dispenser nozzle 102 

action nozzle 101 to perform its sucKing operation 
a£ ter the surface of dripped liguid film 111 is 

liq uid film is flattened in about 30 seconds after 
sensing from the dispenser nozzle 102. Since the 
target substrate is moved b y 4. mm in 30 seconds, the 
resist dispenser nozzle 102 is positioned 50 mm apart 
fro m the suction nozzle 101. xncidentally, the 
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distance between the suction nozzle 101 and the surface 
of the target substrate 110 was set at 1 mm so as to 
prevent the suction nozzle 101 from touching the liquid 
film 111. 

Now, let us describe the liquid film forming and 
the drying step using the film-forming apparatus 
according to the first embodiment of the present 
invention. The liquid film forming will be described 
first. The resist dispenser nozzle 102 is reciprocated 
above the target substrate 110 in the y-direction 
(displayed in figure) at a speed of 1 m/sec. If the 
resist dispenser nozzle 102 is moved outside of the 
target substrate 110, the target substrate moving base 
is successively moved in the x-direction so as to move 
the target substrate 110. Under this condition, a 
chemically amplified type DUV resist(trade name of M20G 
manufactured by JSR) is successively dripped linearly 
from the +x side (coating starting position) of the 
target substrate 100 toward the -x side (coating 
finishing side) so as to form a liquid film 111 having 
a thickness of 4 0 » m on the substrate. 

The drying will now be described. In 30 seconds 
after the start of the dispenser operation, the suction 
nozzle 101 arranged in a position remote enough to 
permit the dripped liquid film 111 to become flat is 
positioned above the target substrate 110 so as to 
start the drying operation. The solvent vapor above 
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the liquid film 111 is sucked by the suction nozzle 101 
so as to form a resist film (coated film) 112. 

The distance between the resist dispenser nozzle 
102 and the suction nozzle 101 is maintained constant, 
5 and the liquid film forming step and the solvent drying 

step are carried out simultaneously in accordance with 
movement of the target substrate 110. 

According to the first embodiment of the present 
invention, the drying step is performed immediately 

10 after the surface of the dispensed liquid film. is 

flattened so as to shorten the forming time of the 
final resist film. Also, since the waiting time from 
the dispensing of the chemical solution to the drying 
is substantially constant regardless of the dispenser 

15 position, a thickness distribution is not generated 

from the coating starting side to the coating finishing 
side . 

in the film-forming method according to the first 
embodiment of the present invention, the size of 

20 the suction nozzle is not limited to 2 X 220 mm. 

Also, the distance between the suction nozzle and the 
surface of the target substrate to be processed is not 
limited to 1 mm. Further, the arranging distance 
between the suction nozzle 101 and the resist dispenser 

25 nozzle 102 is not limited to 50 mm. Still further, the 

moving speed of the resist dispenser nozzle 101 is not 
limited to 1 m/s. It should also be noted that the 
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2 first embodiment of the P-sent invent « - 
to use a slit type resist nozzle end to 

;lil g e meniscus - -sist solution W ^ 
resi st nozzle and t h e substrate • Kl 

4- «f the present invention, the nq 
embodiment of the pre 

. carried out 

. in„ step and the drying step are car 
forming step an However, 

•4-v,-ir, the substrate suriace. 
simultaneously within the su 

. . i to ca rry out the liquid film 
it is also possible to carry 

and the dry ing step independently. It is 

:r::r;:.r~ u« — — rr 

s olution and the process employed. 

A lso. in the first embodiment described above 
. slit ty e suction nozzle havin, a width larger than 
of the target substrate is moved in one 
the diameter of the targ 

erection. alternatively, it is possible to use 
. suction nozzXe smaller than the diameter of the 

^et substrate, as shown in .0. - this case, 

The target substrate is moved from the dispense 
tartin side to the finishing side while scanning 
zle in a reciprocating fashion as in 
the suction nozzle in a r 

th . dispensing step of the resist. 
I Second Embodiment) 

, +. h ~ film- forming 
Since the construction of the 

to a second embodiment of the- 
apparatus according to a secon 
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present invention is similar to that of the film- 
forming apparatus according to the first embodiment 
described previously with reference to FIGS. 1A and IB, 
description of the film-forming apparatus is omitted. 
The drying step will now be described with reference to 

FIGS. 3A and 3B. 

in the first step, a resist solution is dripped 
onto the target substrate 110 so as to form a liquid 
film 111, as in the first embodiment. Then, in 
accordance with movement of the target substrate 110, 
the suction port of the suction nozzle 101 connected to 
the vacuum pump 103 is positioned above the target 
substrate 110, with the result that the solvent vapor 
above the liquid film 111 is sucked so as to start the 
15 first drying treatment. 

Even after the suction nozzle 101 passed through 
the entire surface of the liquid film 111 from the +x 
side (coating starting side) to the -x side (coating 
finishing side), the solvent remained sufficiently in 
the liquid film 111 and, thus, the thickness of 
the liquid film 111 was 10 Mm (FIG. 3A) . Therefore, 
the solvent vapor on the liquid film 111 was 
successively sucked again from the + x side (coating 
starting side) to the -x side (coating finishing side) 
so as to carry out a second drying treatment. The 
thickness of the liquid film after the second drying 
treatment was lowered to 5 jum. The drying treatment 
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was repeated 8 times in total so as to dry completely 
the solvent in the liquid film 111. thereby forming 
finally a uniform resist film 112 having a thickness of 

300 nm (FIG. 3B) . 

According to the second embodiment of the present 

invention, the drying treatment is repeated a plurality 

of times so as to gradually dry the liquid film 111. 

with the result that the solid component within the 
liquid film 111 is prevented from being sucked so as to 
improve the uniformity in the thickness of the resist 
film 112. 

in the film-forming method according to the second 
embodiment of the present invention, the size of the 
suction nozzle 101 is not limited to 2 X 220 mm. 
Also, the distance between the suction nozzle 101 and 
the surface of the target substrate 110 is not limited 
to 2 mm. Further, the moving speed of the resist 
nozzle is not limited to 1 m/s. It should also be 
noted that the liquid film forming method is not 
limited to that in the second embodiment of the present 
invention. It is also possible to use a slit type 
resist nozzle and to employ a meniscus coating. 
Also, in the second embodiment of the present 
invention, the suction nozzle was scanned 8 times. 
However, the number of times of scanning is not 
particularly limited. It is possible to change the 
operating conditions described above appropriately in 



accordance with the chemical solution and the process 
employed. 

Further, in the second embodiment of the present 
invention described above, the first drying operation 
was performed simultaneously with the liquid film 
formation. Alternatively, it is possible to start up 
the drying treatment after formation of the liquid film 
on the entire surface of the target substrate. 

[Third Embodiment] 

Since the construction of the film-forming 
apparatus according to a third embodiment of the 
present invention is similar to that of the film- 
forming apparatus according to the first embodiment 
described previously with reference to FIGS. 1A and IB, 
description of the film-forming apparatus is omitted. 
The drying step will now be described with reference to 
FIGS. 4A and 4B. 

In the first step, a chemical solution is dripped 
onto the target substrate 110 so as to form a liquid 
film 111, as in the first embodiment. In the third 
embodiment, however, the chemical solution which 
forming for an interlayer insulating film (JSR LKD 
series manufactured by JSR) was successively dripped so 
as to form a liquid film 111 having a thickness of 
40 jum on the entire surface of the target substrate. 

Then, in accordance with movement of the target 
substrate 110, the suction port of the suction nozzle 
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101 connect to the P- »> " 

abo ve the terget suhstrate "0.«-- - 

that the solvent vspor ahove the — " ^ 

the +x side (coating starting side, to the 
(coating finishing side,. 

Ev e„ after the suction nozzle 101 pass 

. of the liquid film HI. the solvent 
tM entire surface of X , ^ ^ ^ 

gained sufficiently » the 1 gu ^ 
^ "rrli starting side to the suction finishing 

liq uid film (FIG. 4A). f . im 
* ^ the solvent vapor on the xiq 
Therefore, the soj- direction 
cessively sucked in the opposite directi 
111 was successively side) to the + x 

x side (coating finishing 
from the -x sia a 

„ rHTia side) so as to carry 
side (coating, starting sict 

The thickness of tne 
second drying treatment. ^ 

. , „ f t « the second drying treatment was low 
(1 lm after treatm ent was repeated 

6 The reciprocating dryxng 

8 times .four times of reciprocation, soa ^ 
completely the solvent in ^ ^ _ 
forming finally a uniform 

112 having a thickness of 500 nm (FIG. 4B>. 

ds in the even number-th drying 
in other words, m tne re i ati ve to 

10 l is moved reianvc 

treatment, the suction nozzle 101 
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the target object 110 in the direction opposite to that 
in the odd number-th drying operation in the third 
embodiment of the present invention. 

The chemical solution used in the third embodiment 
5 of the present invention has a relatively large 

fluidity and, thus, the solvent vapor is sucked from 
two directions so as to prevent the thickness 
distribution of the liquid film from being inclined in 
the sucking direction, thereby making the film 
10 thickness uniform over the entire target substrate. 

in the film-forming method according to the third 
embodiment of the present invention, the size of the 
suction nozzle 101 is not limited to 2 X 220 mm. 
Also, the distance between the suction nozzle 101 and 
the surface of the target substrate 110 is not limited 
to 2 mm. Further, the moving speed of the resist 
nozzle is not limited to 1 m/s. Still further, the 
moving speed of the target substrate is not limited to 
1.6 mm/sec. It should also be noted that the liquid 
film forming method is not limited to that in the third 
embodiment of the present invention. It is also 
possible to use a slit type resist nozzle and to employ 
a meniscus coating. Also, in the third embodiment of 
the present invention, the suction nozzle 101 was 
scanned 8 times in total (4 times of reciprocation). 
However, the number of times of scanning is not 
particularly limited. It is possible to change the 
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operating conditions described above appropriately in 
accordance with the chemical solution and the process 
employed. 

in the third embodiment of the present invention, 
5 the first drying treatment was carried out 

simultaneously with the liquid film formation. 
However, it is also possible to start up the drying 
treatment after formation of the liquid film on the 
entire surface of the target substrate. 
10 [Fourth Embodiment] 

Since the construction of the film-forming 
apparatus according to a fourth embodiment of the 
present invention is similar to that of the film- 
forming apparatus according to the first embodiment 
described previously with reference to FIGS . 1A and IB, 
description of the film-forming apparatus is omitted. 
The drying step will now be described with reference to 

FIGS. 5A and 5B. 

in the first step, a chemical solution is dripped 
onto the target substrate 110 so as to form a liquid 
film 111, as in the first embodiment. In the fourth 
embodiment, however, an interlayer insulating film 
(JS R LKD series manufactured by JSR) was successively 
dripped so as to form a liquid film 111 "having a 
thickness of 40 /.m on the entire surface of the target 
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substrate. 

Then, in accordance with movement of the target 
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substrate UO. the suction port o £ the suction nozzle 
101 connected to the vacua, pump 103 is positioned 
abo ve the target substrate 110, with the result 
that the solvent vapor above the liguid film 111 - 
, sucxed so as to start the first drying treatment from 

the +x side (coating starting side, to the -x srde 

-china side), incidentally, the distance 
(coating finishing sice). 

« , k » taraet substrate 110 and the 
between the surface of the target su 

,„, ts se t at 2 mm as in the first 
suction nozzle 101 is set 

0 embodiment described previously. 

Ev en after the suction nozzXe 10! passed through 
the entire surface of the liguid film XXI. the solvent 
remained sufficientXy in the liguid film XXX and. thus, 
th e thicxness of the Xiguid film 

" lFIG " before, the distance between the surface of the 

target substrate XX0 and the suction nozzle », . was set 
at x.5 mm and the solvent vapor on the liguid film XXX 
„ as successivexy sucXed in the opposite direction from 
20 the -x side (coating finishing side, to the + x side 

+ « rarrv out a second 
(coating starting side, so as to carry 

drying treatment. The thicKness of the Xiguid film 
af ter the second drying treatment was lowered to ... 
Then, the distance between the surface of the 
25 target substrate XX0 and the suction nozzle X0X was set 

„ as successively sucxed from the -x side (coating 
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finishing side) to the +x side (coating starting side) 
so as to carry out a third drying treatment. The 
thickness of the liquid film after the third drying 
treatment was lowered to 500 nm. 
5 Further, the distance between the surface of the 

target substrate 110 and the suction nozzle 101 was set 
at 0,5 mm and the solvent vapor on the liquid film 111 
was successively sucked from the +x side (coating 
starting side) to the -x side (coating finishing side) 
10 so as to carry out a fourth drying treatment. By these 

four drying treatments, the solvent within the liquid 
film 111 was completely dried so as to finally obtain a 
uniform resist film 112 having a thickness of 300 nm 
(FIG. 5B). 

15 m the fourth embodiment of the present invention, 

the distance between the surface of the target 
substrate 110 and the suction nozzle 101 was gradually 
decreased in accordance with the thickness of the 
liquid film 111 so as to increase the drying efficiency 

20 and, thus, to form a interlayer insulating film 112 

having a high uniformity. 

In the film-forming method according to the fourth 
embodiment of the present invention, the size of the 
suction nozzle 101 is not limited to 2 X 220 mm. 

25 Also, the distance between the suction nozzle 101 and 

the surface of the target substrate 110 is not limited 
to 2 mm-* 1.5 mm — ► 1 mm — » 0.5 mm. Further, the 
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moving speed of the target substrate is not limrted *o 
X.« mm/sec. It should also be noted that the ligurd 

forcing method is not limited to that in the 
£ourt h embodiment of the present invention. It » also 

9+ . nfl Also , in the fourth embodiment of 
a meniscus coating. Also, 

the suction nozzle 101 was 
the present invention, the suctioi 

scanned 4 times while gradually decreasing the distance 
b etween the surface of the target substrate and the 
action nozzle 101. However, the number of times of 
.canning is not particularly limited. Also, in the 
£ourth embodiment, the suction nozzle 101 was scanned 
in one direction. However, it is also possible to 
employ a reciprocating scanning. The operating 
conditions described above can be changed approprrately 
in accordance with the chemical solution and the 

process employed. 

m the fourth embodiment of the present inventron 
scribed above, the first drying treatment was carried 
out simultaneously with formation of the liguid frlm. 

, Ma ctart up the drying 
i= also possible to stan «f 
However, it is aiso t>^ 

~* thP liauid on the entire 
treatment after formation of the Hqu 

surface of the target substrate. 

[Fifth Embodiment] 

j.-^r, the film-forming 
Since the construction of the 

apparatus according to a fifth embodiment of the 
present invention is similar to that of the 



£iln - 4 °rn,in 9 apparatus accorain, to the first 

FIGS . 1R ana IB. aescrrptron of t h e fU ~™ 
appa ratus is caittea. However, since the 
e lai™ent aiders ,0, the first e^ar-nent rn 

* .he suction nozzle 101, the 
construction of the suctio 

, the suction nozzle 101 in the fxfth 
construction of the suctio 

now be described, 
embodiment will now d« 

FIG. . shows the construction of the suet on 

noz *le 101 accordin, to the fifth e,ooai,ent of the 
nozzxe j-u auction nozzle 

• Mtio n The members of the suctio 
pre sent x _ denoted by t he sa„e 

" Teral as to avoia an overlap^ 

reference numerals so 

description. nozzle of 

i n FIG 6, a slit type supply nozzle 
As shown in FIG. ° > 

, -no the air blowing port connected to 
airflow 601 having the air 

602 is connected to 
■ r blowe r (airflow supplier) 602 
an air blowe connected 

. slit tvpe suction no«l ^ ^ 

to th e vacuu, pu» • ^ ^ _ le 

description, the structu 

101 ana the airflow supply no 22 le are callea 

mm aryin, no„le S00 ^ ^ ^ 

As shown in Fit. °, 

„ ,h that the airflow supply nozzle 

600 was arranged such that tn 

d the suction nozzle 101 were positioned on 

601 and the suctio ™ 0 ectively , of 

*nd the downstream side, respectiv 
upstream side and tne a 

n QO the distance between the 
a scan direction. Also, the a 
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Uguid film drying nozzle 600 and the surface of the 
target substrate U0 was set at 1 - so as to prevent 
the liquid film drying nozzle 600 fro. being brought 
into contact with the liquid film 1«. 

Tne formation and the drying step of the ligurd 
film 111 using the film forming apparatus of the 
particular construction will now be described, 
specifically, the resist dispenser nozzle is recipro- 
cated in the y-direction over the target substrate 110 
at a speed of 1 m/s. If the resist dispenser nozzle rs 
positioned outside the target substrate 110. the target 
substrate 110 is successively moved in the x-directron. 
und er this state, a chemically amplified type DUV 
resist (trade name of H20G manufactured by JSR, rs 
successively dripped from the + x side (coating starting 
side, to the -x side (coating finishing side, of the 
target substrate 110 so as to form a liguid film »1 
h aving a thicxness of 40 „m on the entire surface of 

the target substrate 110. 

^- „ the liquid film 111a on the 
After formation of tne xiqux 

entire surface of the target substrate 110, the target 
substrate 110 is scanned relative to the liguid film 
dryi ng nozzle from the coating starting side to the 
eoating finishing side. In this step, an airflow rs 
supplied from the airflow supply nozzle 601 toward the 
Uguid film 111b, and the airflow passing over the 
liq uid film HI and containing the solvent is sucxed by 



the suction nozzle 101. Further, the airflow is 
generated over the liquid film 111 between the blowing 
port of the airflow supply nozzle 601 and the suction 
port of the suction nozzle 101 so as to dry the solvent 
in the liquid film 111 and, thus, to form a uniform 
resist film 112 having a thickness of 300 nm. 

In the fifth embodiment of the present invention, 
the drying efficiency can be improved by adding the 
stream of the airflow. Also, in the fifth embodiment 
of the present invention, the drying state of the 
liquid film 111 is controlled by the supply of the 
airflow in advance in the case of using a chemical 
solution having a very large fluidity so as to prevent 
the suction nozzle 101 from directly sucking the 
chemical solution . 

In the fifth embodiment of the present invention, 
the liquid film formation and the drying treatment were 
carried out independently. However, it is also 
possible to carry out the formation of the liquid film 
and the drying treatment simultaneously with a 
predetermined time difference. It is also possible to 
carry out the drying treatment a plurality of times 
(one direction, reciprocation). Also, in the fifth 
embodiment of the present invention, a single airflow 
supply nozzle was arranged on one side, and a single 
suction nozzle 101 was arranged on the other side. 
However, it is also possible to use a liquid film 
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etion nozzie and the airflow supply nozzie are o^ed 

■„ fig 7A. It is also possible to 
integral as shown in FIG. 7A. 

p t 70*. are arranged on both sides - an air biowrn, 

70 o b and «. n^ie and *>. — ^ 

no2 zie are formed integral as shown in FIG. 7». 
In cidentally. reference numerai ,03 in 7X 

j rpference numeral t>u^ 
represents a vacuum pump, and referen 

represents a blower. 

X. th e film-forming method according to the frftn 
pediment of the present invention, the size of the 

!. 101 is not limited to 2 X 220 mm. 
suction nozzle 101 is no 

Al so the distance between the suction nozzle 101 and 
Also, the a h „„ t . no is not limited 

the surface of the target substrate 
to i .. -the, the moving speed of the res.st 
no zzle is not limited to 1 m,s. 

no ted that the liguid film forming method rs not 
limi ted to that in the fifth embodiment of the present 
mention. Xt is also possible to use a .I t t yP e 
r esist nozzXe and to empXoy a meniscus coatrng. xt 
pos sible to change the operating conditions descrzbea 
above appropriately in accordance with the chemrcal 
solution and the process employed, 
r Sixth Embodiment] 

prior to description of the drying apparatus and 
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th e dr y ing method o £ the present invention, formation 
o£ a liguid film will be described with reference 

£ilm) in the sixth embodiment c £ the .present rnvent^on 
As shown in FIG. 8 f a chemical solution dispenser 
nc22 le .» was reciprocated above a target substrate 

^- « a * a sDeed of 1 m/s f and tne 
801 in the y-direction at a speea 

, . ^ Qfpr of 200 mm was 
target substrate having a diameter 

, the x _direction. Under this 
successively moved m the x dir 

edition, the chemical solution was linear!, dispensed 
ont o the target substrate so as to form a Irgurd 1, 
802 containing resist A .solid component, on the entrre 
surface of the target substrate 801. 

The „. the solvent in the liguid film was 
an airflow generated b y rotating a disK plate havrng a 

v, i«. FIG. 9 schematically shows the 
rotary mechanism. "b. 

•f the liquid film drying apparatus, 
construction of the uqui 

• ptp 9 a disk plate 900 comprises a 
As shown in FIG. 9 , a 

^ to face the target substrate 
first disk 901 arranged to face t 

Hiame ter of 250 mm and a second disk 
801 and having a diameter o 

, to face the first disk 901 with a rotary 
on? arranged to tace 

ving section ,03 interposed therebetween and havm 
a di ameter of ,30 «. ~ air stream introducing port 

- diameter of 2 0 mm extends through the 
904 having a diameter 

• c of the first disk 901, the rotary 
central portions of tne xn 

centra v Further, 

am and the second aisx 
driving section 903 and tne 

a target substrate 801 having a driving sectron 
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driving the target substrate 801 in the z-direction rs 

first disk 901. Still further, an airflow conductance 
control plate 905 equal in diameter to the target 
substrate 801 is arranged to face the second disk 902 
apart from the second disk 902. 

The drying method using the liquid film drying 
apparatus of the construction described above will now 

be described- 

I„ the first step, the disk plate 900 was arranged 
ab ove the target substrate 801 having a liquid film 802 
formed thereon with a gap of 20 mm provided between the 
Uquid film 802 and the disk plate 900. Then, the 
distance between the airflow conductance control plate 

g reater than the distance of 20 mm between the target 
substrate 801 and the disk plate 900. Under this 
condition, the disk plate 900 was rotated at an angular 
speed of 3,000 rpm for 5 seconds. 

It should be noted that, during rotation of the 
di sk plate 900, the degree of pressure reduction in 
the clearance between the target substrate 801 and 
th e disk plate 900 is rendered greater than that » 
the clearance between the disk plate 900 and the 
airflow conductance control plate 905. Because of the 
difference in the degree of the pressure reduction 
noted above, the air is introduced into the air stream 
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introducing port 904 from the open portion on the side 
of th e second disk 902 and is discharged £ » the air 
introducing port 904 through the open portion on 
th e side of the first disk 90!. It foil— **~ 

„ of the air is formed vithin the air 
a downstream of tne an 

str eam introducing port 904. as shown in FIG. 10. 
RS a result, an airflow from the centra! portion toward 
th e cuter peripheral portion is formed in the clearance 
b et„een the target substrate and the first disk 90 
Also . the Uguid film B02 on the target substrate SO! 
is dried from the central portion toward the outer 
peripheral portion b y the airflow through the clearance 

the target substrate 801 and the first 
formed between the target 

disk 901. 

• ,rr 11 the distance between 
Then,, as shown in FIG. 11. tne 
th e airflow conductance control plate 905 and the disk 
pl ate 900 is set at 10 which is smaller than the 
distance of 20 - between the target substrate and 
disk Plate, and the disk plate 900 is rotated under 
this state at an angular speed of 3,000 rpm for 

5 seconds. . . 

x„ this case, the degree of pressure reduction in 

the clearance between the target substrate and the disk 

pl ate is rendered smaller than that in the clearance 

.he disk plate and the airflow conductance 
between the aisK pxa 

1 + the air is sucked into the 
control plate. As a result, the 

Q04 through the open 
air stream introducing port 904 tnr g 



- 31 - 



10 



15 



20 



25 



portion on "the side of the first disk 901 and is 
discharged from within the air stream introducing port 
904 through the open portion on the side of the second 
disk 902 so as to form an airflow upward within the air 
stream introducing port 904 of the disk plate 900. 
in this case, an airflow from the outer peripheral 
portion toward the central portion is formed in the 
clearance between the target substrate and the first 
disk 901. It follows that the liquid film 802 formed 
on the target substrate 801 is dried from the outer 
peripheral portion toward the central portion by the 
airflow through the clearance between the target 
substrate and the first disk 901. 

The steps described above were alternately 
repeated 6 times so as to dry the solvent in the liquid 
film 802 for 60 seconds in total. Finally, the lower 
surface of the disk plate 900 was moved apart from 
the surface of the target substrate 801 so as to form 
a uniform coated film (solid phase film) of resist A in 
a thickness of 300 nm on the entire surface of the 
target substrate without forming a thickness 
distribution in the flowing direction of the airflow. 

in the sixth embodiment of the present invention, 
the distance between the disk plate 900 and the airflow 
conductance control plate 905 was changed so as to 
alternately change the direction of the airflow above 
the liquid film 802, thereby forming a uniform coated 



film free from the thickness distribution in the 
direction of the airflow. 

Also, by setting appropriately the angular 
rotating speed of the disk plate and the distance 
between the target substrate and the disk plate, the 
processing time can be controlled without being 
affected by the properties and the dispensed amount of 
the solvent so as to improve the throughput. 

incidentally, in the liquid film drying method 
according to the sixth embodiment of the present 
invention, the relationship between the time and the 
distance between the disk plate and the target 
substrate or between the disk plate and the airflow 
conductance control plate is not limited to that 
described above. . Also, the angular rotating speed of 
the disk plate is not limited to 3,000 rpm. It is 
possible to determine appropriately the particular 
relationship and the angular rotating speed noted above 
depending on the chemical solution used. 

Also, in the sixth embodiment described above, 
the airflow conductance control plate was moved to make 
the distance between the disk plate and the target 
substrate larger or smaller than the distance between 
the disk plate and the airflow conductance plate. 
However, it is also possible to move the disk plate 
with the target substrate and the airflow conductance 
control plate held stationary. 
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Further, in the sixth embodiment of the present 
invention, a scan coating method was employed for 
forming a liguid film- -ever, it is aiso possible to 
employ other liguid film forming methods including a 
spiral coating method in which a chemical solution is 
dispensed spirally from the central portion toward the 
outer peripheral portion and vice versa. 
[Seventh Embodiment ] 

R uguid film of resist A was formed on the entire 
surface of a target substrate as in the sixth 
embodiment described above. 

Then, the solvent of the liguid film was dried by 
U sing a die* plate 130! having a rotary mechanism, as 
shown in FIGS. 13A and 13B. 

is a dis* arranged to face a target substrate BO! and 
ha ving a diameter of 120 mm. Through-holes 1303 each 
having a diameter * of 5 m» are spirally arranged rn 
th e disx plate 130! at a pitch proportional to the 
distance from the center of the disK plate 1301. 
Rn airflow supplier 1302 capable of controlling 
the pressure at a predetermined level of, for example, 
i 5 Kg/cm2, which is higher than the atmospherrc 
pressure, is connected to that surface of the drsx 
piate 1301 which is positioned on the side opposite to 
the side of the target substrate 801. 

As described above, through-holes 1303 are 



spirally arranged in the disk plate 1301 at a pitch 
proportional to the distance of the through-hole from 
the center of the disk plate 1301. The pitch of the 
through-holes 1303 is determined to permit the same 
number of through-holes per unit time to pass through 
a region above the target substrate 801 regardless of 
the radial position of the target substrate 801. 

the through-holes are arranged on a spiral curve 
expressed by Equation r - p- 6/(2*) in polar 
coordinates ,r, 6 ,. P represents the pitch of spiral 
curve. Relationship between position of <n-l> th 
through-hole and that of n th through-hole is expressed 
by Equation r„ = p-<«n-l + « p )/(2 I t). 

Here, 6 p represents the angle pitch of the 

through-holes. 

in this case, the angle pitch of the through-hole 
and the pitch of spiral curve are applied to 20» and 
36 mm respectively showing on FIG. 13B. 

Let us describe the drying step using the drying 
apparatus shown in FIGS. 13A and 13B. 

As shown in FIG. 14, the disk plate 1301 was 
arranged 10 mm above the liquid film 802 and rotated at 
an angular speed of 2,000 rpm in the direction denoted 
by arrows in the drawing (the direction opposite to the 
winding direction of the spiral arrangement of the 
through-holes, for carrying out the drying treatment 
for 60 seconds, thereby drying the liquid film. Then, 
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th e disk Plate 1301 was moved away, from the surface of 

the target substrate 801 so as to final* for. a coatea 

* _ j c +- B having a thickness of 300 nm. 
film of resist B navmy 

in the seventh embodiment of the present 
invention, the li^ia film 802 formed on the target 
substrate 80! is kept in oontact with the air stream 
sp urted vertically from the spirally arran g ea through- 

st ream spurtea from the through-holes is smoothly 
aischarged spirally toward the outer peripheral portion 
o£ th e substrate so as to ary the liguid film. * 
co ated film having a very uniform thickness over the 

• of the target substrate was obtained in 
entire region of the targe 

the process described above. 

I„ the seventh embodiment described above, an 

was arranged above the disk plate so 
airflow supplier was an- * 

„ a level higher than the 
as to set the air pressure at a level 

atmospheric pressure. As a result, the spurting rate 
o£ the air stream was increased so as to improve the 
dryi ng efficiency, alternatively, it is possible fo 
th e airflow supplier not to be arranged in some cases 
S uch that the air stream from the through-holes is 
9 enerated by only the pressure reduction in the 
cl earance between the target substrate and the lower 
surface of the disk plate, said pressure reduction 

«„d bv the rotation of the disk plate, 
being caused by ,.„„riately the number 

Al so, it is possible to adjust appropriately 



Hi^k olate, the diameter 
of through-holes formed in the disk pi 

o£ the through-hole, the arranging pitch * «- 

through-holes and the gap depending on the chemical 

solution used. , h 

„ • v.1 o +- o use otner 
Fur ther more, it is also possible 
g ases (for example, « gas etc.^r airflow supplier 
9 rur ther. in the seventh embodiment of the present 

♦•„„ a scan coating method was employed for 
invention, a possible to 

- liauid film- However, it is a 

outer peripheral portion and vice versa. 
[Eighth Embodiment] 

1 liq uid film of resist A was formed on the ent e 

! the target substrate by linearly dispensing 
surface of the targe ^ ^ 

a chemical solution on the entrr 

Hiameter * of 200 mm while 
substrate having a diameter * 

Knfl a V ery small nozzle above the target 
reciprocating a very ^ 

substrate in the y-directron at a speed 

t .r M t substrate in 
and successively moving the targe 

the x-direction. 

Th en, the liquid film was dried by using 
apparatus shown in FIG . ». Specifically. FIG . 
elically shows the construction of the dry n 

the third embodiment of the 
apparatus according to the tux 

present invention. 
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As shown in FIG. 15, the target substrate 801 is 
arranged to face a rotary disk plate (disk) 1501 
arranged within a chamber 1502. The chamber 1502 is 
connected to a vacuum pump 1503 and,, thus, the pressure 
within the chamber 1502 can be lowered. 

Let us describe the drying step using the drying 

apparatus shown in FIG. 15. 

in the first step, the distance between the target 
substrate 801 and the disk plate 1501 is set at 5 mm, 
and the pressure within the chamber 1502 is lowered at 
a predetermined rate (-15 Torr/sec) by operating the 
vacuum pump 1503. Then, when the pressure within the 
chamber 1502 was lowered to reach about 2 Torr, which 
is the saturation vapor pressure of the solvent, drying 
of the solvent was performed by rotating the disk plate 
at 2,000 rpm for 30 seconds. 

in the next step, the disk plate 1501 was moved 
away from the surface of the target substrate 801 and 
taken out of the chamber 1502 so as to finally form 
a coated film of resist C having a thickness of 300 nm 
on the target substrate 801. 

in the conventional reduced pressure drying 
method, the evaporated solvent forms a turbulence under 
the state of the saturation vapor pressure of the 
25 solvent so as to give rise to the problem in the 

surface state and the uniformity in the thickness of 
the liquid film 802, as shown in FIG. 16. 



15 



20 



in the eighth embodiment of the present invention, 
however, the solvent vapor is discharged to the 
peripheral portion of the target substrate under 
the state of a laminar flow, with the result that 
the evaporated solvent is prevented from forming 
a turbulence flow under the saturation vapor pressure, 
as shown in FIG . 17. It follows that it is possible to 
suppress the poor uniformity caused by the turbulence 
flow, making it possible to obtain a coated film of 
a uniform thickness. 

in the eighth embodiment of the present invention, 
used is a disk plate that is not provided with open 
portions. However, it is also possible to use a disk 
plate provided with a plurality of holes as in the 
seventh embodiment described previously. Also, in the 
eighth embodiment of the present invention, the drying 
apparatus is of a hermetic structure except that the 
chamber is connected to the vacuum chamber. However, 
where the disk plate is provided with holes, it is 
possible to arrange an gas flow supplier 1802 in the 
upper portion of the chamber 1502 as shown in FIG. 18 
so as to carry out the drying treatment while supplying 
an gas into the chamber. also, it is possible to 
change appropriately the distance between the disk 
plate and the target substrate, the angular rotating 
speed of the disk plate, and the degree of vacuum 
within the chamber depending on the chemical solution 



as ed. rurther, in the eighth embodiment o £ the present 
invention, a scan coating method was employed for 
forming a U, Ui a fi!m. However. 1* is also po ss b!e 
employ other liguid f 11- forming methods mdudm, 
spir al coating method in which a enseal solution rs 
Ipensed spirally £ » the central portion toward the 
outer peripheral portion and vice versa. 
[Ninth Embodiment] 

FIG . 19 schematically shows the construction of a 

» ninth embodiment of the 
drying apparatus according to a ninth 
lent invention. The members of the apparatus common 

numerals so as to avoid an overlapping ««*^- 

to . position ,0 - apart «- the target substrate so 

of the target substrate with the 
as to align the axis of the targ 

, n»n rotated at an angular 
axis of the disk plate and, then, rotat 

the rotating direction of the disk plate. Then, 

periphery of the target substrate at a speed of 

outer peripheral portion of the target substrat . the 

target substrate at a speed of 1. mm/s. Such a 
re ciprocating scanning movement was repeated three 
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times so as to carry out the drying treatment of the 
solvent for 60 seconds in total, thereby forming 
a resist film having a thickness of 300 nm. 

The ninth embodiment differs from the sixth 
embodiment in that the airflow was kept flowing 
downward. However, the disk plate and the target 
substrate were moved relative to each other so as to 
dry the solvent uniformly over the. entire region of the 

target substrate. 

It is possible to prevent a singularity by 
offsetting the axis of the disk plate and the axis of 
the target substrate so as to improve the uniformity rn 
the thickness of the coated film. Also, it is possible 
to further improve the uniformity in the thickness of 
the coated film by changing with time the amount of the 
offset. Further, the drying efficiency can be improved 
by rotating the target substrate together with the disk 
plate . 

in the liquid film drying method according to the 
ninth embodiment of the present invention, the disk 
pl ate was moved. However, it is also possible to move 
the target substrate or to move both the disk plate and 
the target substrate. Also, the angular speed of the 
disk plate and the distance between the disk plate and 
the target substrate are not limited to 300 rpm and 
20 mm, respectively. Of course, it is possible to 
determine appropriately the angular speed and the 



distance noted above depending on the chemical solution 
used . Further, it is possible to set constant the 
offset amount without changing the offset amount, 
depending on the cases. stilX further, in the ninth 
embodiment of the present invention, a scan coating 
method was employed for forming a liquid film. 
However, it is also possible to employ other liquid 
film forming methods including a spiral coating method 
in „hich a chemical solution is dispensed spirally from 
t he central portion toward the outer peripheral portion 

and vice versa- 

The present invention is not limited to the 
embodiments described above and can be modified in 
various fashions within the technical scope of the 
present invention. For example, it is possible to 
change the angular speed of the disfc plate within a 
range of between 500 rpm and 4,000 rpm and to change 
th e distance between the target substrate and the dis* 
pl ate within a range of between 5 mm and 30 mm, as far 

, • •„ film itself is centrifugally removed from 
as the liquid film itsen 

the target substrate. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore. 
the invention in its broader aspects is not limited to 
t he specific details and representative embodiments 
shown and described herein, accordingly . various 
modifications may be made without departing from the 



spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents. 



